The pygmy right whale, Caperea marginata, is the most enigmatic living whale. Little is known about its ecology and behaviour, but unusual specialisations of visual pigments [1] , mitochondrial tRNAs [2] , and postcranial anatomy [3] suggest a lifestyle different from that of other extant whales. Geographically, Caperea represents the only major baleen whale lineage entirely restricted to the Southern Ocean. Caperea-like fossils, the oldest of which date to the Late Miocene, are exceedingly rare and likewise limited to the Southern Hemisphere [4] , despite a more substantial history of fossil sampling north of the equator. Two new Pleistocene fossils now provide unexpected evidence of a brief and relatively recent period in geological history when Caperea occurred in the Northern Hemisphere ( Figure 1A,B) .
The new material, referred to as Caperea sp. and cf. Caperea, consists of, respectively, a fragmentary skull with ear bones (USNM 358972) from the upper portion of the Naha Formation of Okinawa-jima, Japan (0.9-0.5 Ma) and a tympanic bulla (MSNC 4451) from an unnamed deposit on Penisola Maddalena, near Syracuse, Sicily, Italy (1.9-1.7 Ma) (Supplemental Information). The tympanic bullae of both specimens are highly diagnostic, and identifi able based on their: rectangular Eustachian outlet; fl attened involucrum lacking any sign of an inner posterior prominence; broadly convex medial margin; prominent, angular anteromedial corner; and L-shaped profi le of the involucrum, in dorsal view ( Figure 1C-F Current Biology 27, R1037-R1059, October 9, 2017 R1059 be compared, as the bulla morphology remains unknown for the latter. Nevertheless, the notable similarity of MSNC 4451 and living pygmy right whales justifi es referral to cf. Caperea.
The Northern Hemisphere material of Caperea could conservatively be interpreted as extralimital occurrences of the living species, yet it also provides 40% of the total putative fossil record of the family, two thirds of the undisputed record, and the only fossil evidence of Caperea itself [4] . Considering the vagaries of fossil preservation, the occurrence of two geologically young northern specimens is thus likely more than a chance event. Instead, the striking absence of Caperea in comparatively well-studied northern Miocene-Pliocene fossil assemblages suggests a Pleistocene ecological regime change. The latter was presumably glacially driven (for example, via changes in seasonal nutrient distributions) and temporarily allowed localised marine mammal species to disperse across the normally impermeable tropics. Evidence of such dispersal exists among living cetaceans and pinnipeds in the form of antitropical species pairs, such as Eubalaena, Lissodelphis and Mirounga (Supplemental Discussion).
The new Caperea fossils from the Northern Hemisphere demonstrate that there was likely a greater degree of marine faunal interchange during the Pleistocene than hitherto assumed, and that this interchange affected even highly localised specialists. In light of our fi ndings, other highly unusual occurrences, even southern walruses and northern penguins, should be anticipated. The fact that the two fossils are separated by as much as one million years raises the tantalising possibility that a separate long-lived population, or even species, of Caperea may once have inhabited northern seas. Given the sparseness of available material, it is equally likely, however, that Caperea crossed the equator more than once during successive glacial periods, and then disappeared again as interglacial conditions interrupted the connection with the south.
Together, extant antitropical species pairs and sudden range extensions like that of Caperea emphasise that, at times, physical and biotic barriers play a major role in marine mammal evolution [6, 7] . The Pleistocene with its constant change between glacial and interglacial conditions is a prime example, with the relaxation and subsequent re-establishment of an equatorial barrier driving range extensions, speciations and, in the case of Caperea, local extinctions. A globally poor Pleistocene fossil record likely obscures the true extent of this Quaternary marine interchange. Nevertheless, faunal interchange during the Pleistocene had a pronounced effect on marine mammal richness and community structure, and can be seen as the last major step in the emergence of modern marine mammal assemblages. This adds a new layer to previous studies, which suggested that faunal modernisation primarily occurred in response to a related, yet independent (Late) Pliocene turnover event (Supplemental Discussion).
While Pliocene turnover was likely driven by the onset of Northern Hemisphere glaciation (resulting in the loss of coastal habitats) [8] , the Quaternary marine interchange is related to the switch between glacial and interglacial periods, and as such still ongoing -albeit now with a human dimension. Just as glacial-interglacial dynamics affect marine barriers to dispersal, anthropogenic climate change may ultimately drive a reorganisation of current marine mammal ranges, with implications for future speciation and, crucially, extinction. For example, a warmer world might see poleward range shifts among extant marine mammals [9] and the establishment of a 'permanent' El Niño state in the tropics [10] , thereby cementing the impassability of the equator and further restricting (or obliterating) gene fl ow between existing populations.
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